Introduction
The K+-activated hyperpolarization (Rang and Ritchie, 1968) , which is induced by an activation of the electrogenic Na+ pump when K+ is added to the extracellular K+-free solution, is augmented by the action of adenosine triphosphate (ATP) in many types of nerve cells (Akasu, 1976) . Electrophysiological analyses of the mechanisms underlying the effect of ATP on K+-activated hyperpolarization suggest that K+-activated hyperpolarization is augmented by an increase in the electrogenic Na+ pump current (Akasu, 1976; Mori ta, 1979) but not simply by an increase in the membrane resistance. Electrophysiological analyses have not, however, provided direct evidence to support the contention that the electrogenic Na+ pump current itself is actually increased by the action of ATP. The present experiment clearly demonstrates that, under the influence of ATP, the Na+ pump current is indeed increased (whatever it is electrogenic or neutral).
On the other hand, catecholamine is known to facilitate the Na+-efflux from frog skeletal muscles (Hays et al., 1974; Clausen and Flatman, 1977; Kaibara et al., 1981) . In sympathetic ganglia, catecholamine released from SIF (small intensely fluorescence) cells induces the slow IPSP (inhibitory postsynaptic potential) of ganglion cells, which may be partially generated by activation of electrogenic Na+ pump (Kuba and Koketsu, 1978; Akasu et al., 1978) . The possibility that the electrogenic Na+ pump of ganglion cells may be stimulated by the action of cyclic AMP has (Send proofs Sartorius muscles of frogs (Rang nigromaculata) were carefully isolated and the muscle weight was measured before incubation with radioactive Ringer solution. The gamma-emitting isotope, 22Na+ in chloride form, was obtained from the Japan Radioisotope Assciation. Radioactive, 22Na+-labeled Ringer solutions were prepared with a specific activity of 0.2mCi/ml and the same ionic compositions as the cold, standard Ringer solutions: 112mM NaCl, 2mM KCl, 1.8mM CaCl2 and 2.4 mM NaHCO3.
Reagents used in the present study were as follows: adenosine triphosphate (Wako), dibutyryl cyclic adenosine monophosphate (SIGMA), and ouabain (Merck).
Measurements of the 22Na+-efflux and estimations of the rate coefficients of 22Na+-efflux were carried out by standard techniques. The preparations were incubated in 22Na+-Ringer solution for 2 to 4 hours. Paired muscle measurements, commonly used in flux experiments,
were not necessarily employed in the present study, since the flux and rate coefficient data were normailized with respect to those of each preparation in the standard Ringer solution. The calculated results were compared with one another for the whole series of experiments. Fig. 3 . Absence of cyclic AMP effects on Na+-efflux.
In both the standardized desaturation curves (A) and rate coefficient data (B), no effects of cyclic AMP on Na+-efflux are detectable.
The horizontal mark indicates the period of cyclic AMP application (15mm).
of cyclic AMP 3 mM on the Na+-efflux are shown. No detectable effects were observed in the 4 preparations studied.
Discussion
The present experiment clearly demonstrates that the ouabain-sensitive fraction of the Na+-efflux is augmented by the action of ATP added to the extracellular solution.
This suggests that the Na+-K+ pump is facilitated by ATP acting upon the outer surface of the cell membrane. There are three possible explanations for the increase Nay" -e f f Tux shown in the present experiment:
1) an increase in the Na+/K+ ratio of Na+-K+ pump, by maintaining a constant K-influx, 2) an increase in the total number of available pumping sites, and 3) an increase in the rate of Nat-K pump; in other words, an increase in the number of activated pumping sites per unit time.
The present experiment provides no definite answer as to which of these three possibilities are/is responsible for the observed increase of Na+-efflux.
According to the electrophysiological analyses of the mechanism underlying the augmentation of K+-activated hyperpolarization by ATP, it has been suggested that ATP does not increase either the Na+ /K+ ratio or the total number of available pumping sites (Morita, 1979) . Whatever the mechanism underlying such a facilitatory effect of ATP on Na+ pump, however, the present results support the concept that ATP is able to hyperpolarize skeletal muscle membrane, provided that the coupling ratio, Na+/K+, of Na+-K+ pump in these cells is greater than unity. Assuming the fundamental mechanism of the Na+-K+ pump is the same for all excitable cell membranes, it is reasonable to expect that molecules of ATP which are present in extracellular fluid are able to hyper-polarize these cell membranes by stimulating the Na+ pump of its target cells. Whether such an action of ATP is a result of activation of a putative ATP-receptor, or of usage of ATP or its metabolites as energy sources, is not known at present.
Another conclusion derived from the present experiment is that cyclic AMP is not able to stimulate the Na+-K+ pump. Dbc AMP is assumed to be capable of penetrating the cell membrane. Thus, the present experiment shows that even intracellular cyclic AMP does not stimulate the Na+-K+ pump. It is well known that catecholamine facilitates the Na+ pump (Hays et ah 1974; Clausen and Flatman, 1977; Kaibara et al., 1981) and that cyclic AMP acts as the second messenger of catecholamine (Sutherland et al., 1965; Philus, 1977) . The present experiment, however, suggests that the facilitatooy action of catecholamine on Na+-K+ pump is not mediated by cyclic AMP.
